Abstract
Introduction
In education and training, the empowering role of Semantic Web technologies has been already acknowledged. Since WWW is becoming a popular educational medium at schools, universities and professional training institutions, a prominent new stream of research on educational applications that are based on the Semantic Web has been established. For example, recent studies already report systems that allow semantic-based annotation and sharing of learning resources [3] . Yet, to further illustrate this potential, there is a need for implementing state-ofthe-art Semantic Web technologies in large-scale applications that involve the semantic annotation of big collections of learning resources and their access and use from existing communities of users.
This paper aims to contribute to this development by presenting such a large-scale implementation effort. More specifically, it discusses how semantic annotation and Semantic Web technologies are being adopted, specialized, and put in practice in order to set up a technical infrastructure that will facilitate sharing and reusing of learning resources. The case study is a federation of learning repositories with learning resources on agricultural topics, which is being developed in the context of a European initiative.
Background
Consumer demand for food quality and safety, as well as, society's demand for more sustainable development, provide new opportunities for the agricultural sector. Public awareness of the irreversible damage done to the environment by practices that lead to soil and water pollution, depletion of natural resources, and destruction of delicate ecosystems, has led to calls for a more responsible attitude towards our natural heritage. Against this background, Organic Agriculture (OA) and AgroEcology (AE) have come to the fore as alternative agricultural philosophies towards not only producing safer agricultural products, but doing so in an environmentally sound manner.
These developments have led to an increasing production of related educational content in an electronic format. On the other hand, these content resources are usually dispersed, listed in separate Web sites or individual collections, and sometimes with no clear plan for their educational exploitation. The systematic collection and categorisation of educational resources related to OA and AE, the development of an integrated online environment that will increase their use and reuse, as well as the study of educational scenarios for using this content in the context of educational programs, is a challenge that remains to be explored.
In this direction, the Organic.Edunet initiative (http://www.organic-edunet.eu) has been launched. It is a European project that is funded by the eContentplus Programme and involves 15 partners from 10 countries. It aims to facilitate access, usage and exploitation of digital educational content related to OA and AE. Organic.Edunet will deploy a multilingual online federation of learning repositories, populated with quality content from various content producers. In addition, it will deploy a multilingual online environment (the Organic.Edunet Web portal) that will facilitate endusers' search, retrieval, access and use of the content in the learning repositories. To achieve its aims, Organic.Edunet adopts state-of-art technologies that have been developed and tested in previous research initiatives, but have yet to be proven in a real-life problem context. More specifically, it involves the integration and large-scale implementation of Semantic Web technologies that have been previously developed in the context of the "LUISA: Learning Content Management System Using Innovative Semantic Web Services Architecture" EU project (http://www.luisa-project.eu/). 
Organic.Edunet Infrastructure
The overall architecture of Organic.Edunet is illustrated in Figure 1 , and contains the following main elements:
includes the suite of tools that the Organic.Edunet content providers will use to create a digital collection of learning resources, to describe resources with appropriate metadata, and to publish resources in their own learning repository.
• Learning Resource Exchange Module: concerns the connection of the Organic.Edunet federation with other federations of learning repositories, using open standards and specifications for the exchange of search queries and the harvesting of metadata.
• Semantic Services Module: it is the core of the Semantic Web technologies' application in the architecture, and supports the semanticallyenabled services that the Organic.Edunet Web portal will offer, by reasoning upon a number of integrated ontologies.
• Web Portal Module: refers to the end-user visible parts of the whole infrastructure, allowing users (including school teachers and pupils, university teachers and students, researchers etc.) to search, locate, retrieve and access learning resources on OA and AE throughout the whole Organic.Edunet federation.
In this paper, we focus on the modules of Repository Management and Semantic Services.
Learning Repository Management Module
This module deals with the way content producers organize, annotate and publish learning resources and metadata in an Organic.Edunet repository. The Organic.Edunet content producers are expected to collect and annotate their learning resources according to a multilingual application profile of the IEEE Learning Object Metadata (LOM) standard [1] . Two existing software tools are being adapted and integrated for this purpose:
• A configurable metadata editor built upon the code-library SHAME (available as Open Source at http://shame.sourceforge.net).
• The electronic portfolio system Confolio (http://www.confolio.org) that allows the flexible management of folder-based repository interfaces.
The content providers will use the integration of the SHAME editor and the Confolio tool in order to upload (if desired) their resources and/or the associated metadata into a learning repository that is called SCAM (Standardized Contextualized Access to Metadata), an Open Source Semantic Web repository solution for Learning Objects [2] . Using the Learning Repository Management Module, Organic.Edunet content providers may collect resources, annotate them using metadata, and then releasing resources for publication. The metadata of the resources stored in a repository are (a) made available for harvesting from the Semantic Services Module and (b) made available for harvesting and/or searching from external federations. 
Semantic Services Module
The Semantic Services Module is the core engine behind the Organic.Edunet Web portal that offers users with semantic search capabilities. To support this, it is based on a semantic representation of the learning resources' metadata, as well as a number of ontologies that are engaged during search queries to provide reasoning capabilities. More specifically, metadata is transformed into an ontological representation inside a sub-module called LOMR (Learning Object Metadata Repository). The LOMR main features include the storage of learning object metadata in semantic format, the provision of a service-oriented interface and the import of metadata in non-semantic formats, among others. In addition, LOMR In LOMR, metadata will be harvested from the individual Organic.Edunet repositories using an appropriate harvesting mechanism. As Figure 2 shows, the RDF representations stored in the SCAM repositories will be converted to the WSML representation that LOMR requires. Once all the metadata information is stored in the LOMR repository in the formal, ontology-based format, LOMR will be able to expose various functionalities through semantic Web Services (described according to WSMO), allowing a wide variety of interactions with the Organic.Edunet Web portal.
Conclusions
Semantic Web technologies will demonstrate their potential for education and training through real-life applications, such as semantic annotation of big collections of learning resources and semantic search and retrieval services for actual communities of users. This paper presents the semantic infrastructure behind a large-scale implementation effort, which aims to facilitate sharing and reusing of agricultural learning resources.
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